Award  Number:  DAMD17-02-1-0001 


TITLE:  Genetic  Radiotherapy  of  Prostate  Cancer 


PRINCIPAL  INVESTIGATOR:  Donald  J.  Buchsbaum,  Ph.D. 


CONTRACTING  ORGANIZATION:  University  of  Alabama  at  Birmingham 

Birmingham,  AL  35294-0111 


REPORT  DATE:  December  2003 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


20040513  037 


REPORT 

DOCUMENTATION  PAGE 

Form  Approved 

0MB  No.  074-0188 

Public  reporting  burden  for  this  collection  of  Information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  completing  and  reviewing  this  colleclion  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  induding  suggesUons  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway.  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget,  Paperwork  Reduction  Project  (0^04-01 88),  Washingtcwi,  DC  20503 

1 .  AGENCY  USE  ONLY  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

(Leave blank)  December  2003  Annual  (1  Dec  2002  -  30  Nov  2003) 

4.  TITLE  AND  SUBTITLE 

Genetic  Radiotherapy  of  Prostate  Cancer 

5.  FUNDING  NUMBERS 

DAMD17-02-1-0001 

6.  AUTH0"R(S| 

Donald  J.  Buchsbaum,  Ph.D. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Alabama  at  Binningham 

Birmingham,  AL  35294-0111 

E-Mail:  d  j  b@uab .  edu 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING 

AGENCY  NAME{S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

1 1 .  SUPPLEMENTARY  NOTES 

Original  contains  color  plates;  ALL  DTIC  reproductions  will  be  in  black  and  white 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  Words) 

A  goal  of  this  proposal  is  to  achieve  a  high  intratumoral  concentration  of  5-fluorouracil  (5-FU)  via  molecular 
chemotherapy  employing  genetically  modified  adenoviral  (Ad)  vectors  encoding  the  genes  for  somatostatin  receptor 
subtype  2  (SSTr2)  and  cytosine  deaminase  (CD)  which  converts  the  prodrug  5-fluorocytosine  (5-FC)  to  5-FU 
under  control  of  the  cyclooxygenase-2  (Cox-2)  tumor-specific  promoter.  The  purpose  of  Specific  Aim  1  was  to 
develop,  validate,  and  evaluate  genetically  modified  Ad  vectors  that  will  increase  expression  levels  of  both  SSTr2  and 
CD.  We  proposed  to  initially  evaluate  two  novel  two-gene  Ad  vectors:  (1)  a  native  fiber  Ad 
(AdCMVCDCMVSSTr2)  and  (2)  Ad  under  control  of  the  Cox-2  promoter  expressing  CD  and  SSTr2.  We  have 
produced  several  vectors  including  AdCox-2LCDCox-2LSSTr2,  AdCox-2LSSTr2Cox-2LCD,  AdRGDCox- 
2LCDCox-2LSSTr2,  and  AdRGDCox-2LCDCox-2LSSTr2.  The  vectors  we  developed  were  tested  for  SSTr2  and 
CD  expression  employing  membrane  receptor  binding  in  vitro  with  ‘^I-somatostatin  and  ®*^c-P2045  that  binds  to 
SSTr2,  conversion  of  5-FC  to  5-FU,  and  cjlotoxicity  against  Ad  infected  cells  in  the  presence  of  5-FC.  The  vectors 
were  evaluated  in  vivo  for  SSTr2  expression  and  CD  expression.  Efforts  are  continuing  to  produce  RGD  modified 
vectors  expressing  CD  and  SSTr2  under  control  of  the  Cox-2L  promoter  to  be  used  for  therapy  in  local  and 
metastatic  models. 

14.  SUBJECT  TERMS 

Prostate  cancer,  gene  therapy,  molecular  chemotherapy, 
transcriptional  targeting,  cytosine  deaminase,  somatostatin 
receptor,  brachytherapy 

15.  NUMBER  OF  PAGES 

14 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION 

OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified 

20.  LIMITATION  OF  ABSTRACT 

Unlimited 

NSN  7540-01  -280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std-  Z39-16 


298-102 


Table  of  Contents 


Cover . 1 

SF298 . 2 

Table  of  Contents . 3 

Introduction . 4 

Body . 4 

Key  Research  Accomplishments . 6 

Reportable  Outcomes . 6 

Conclusions . 6 

References . 6 

Appendices . 7 


3 


INTRODUCTION 

The  objective  of  this  project  is  to  develop  novel  two  gene  adenovirus  (Ad)  vectors  expressing 
human  somatostatin  receptor  subtype  2  (SSTr2)  and  cytosine  deaminase  (CD)  under  control  of  the 
cyclooxygenase-2  (Cox-2)  promoter  for  radiolabeled  peptide  therapy/molecular  chemotherapy  of  prostate 
cancer.  The  tumor  specific  promoter  Cox-2  was  selected  based  on  the  fact  that  it  is  active  in  prostate 
cancer,  and  the  liver  is  Cox-2  negative  and  is  the  predominant  site  of  Ad  vector  localization  after  systemic 
administration.  Thus,  the  Ad  may  infect  normal  liver  cells  but  no  transgene  expression  would  occur. 

Two  forms  of  the  Cox-2  promoter  were  compared  to  the  cytelomegalovirus  (CMV)  promoter  in  the 
previous  project  period;  a  “long”  form  (Cox-2L)  and  a  truncated  “medium”  form  (Cox-2M).  It  was 
shown  that  the  Cox-2L  promoter  resulted  in  greater  CD  activity  than  the  Cox-2M  promoter  so  in  the 
studies  conducted  during  the  current  project  period  we  focused  on  the  Cox-2L  promoter.  A  goal  was  to 
determine  if  transductional  targeting  with  the  RGD  peptide  in  the  HI-loop  of  the  knob  of  the  Ad  vector 
would  result  in  greater  SSTr2  and  CD  expression.  Moreover,  the  new  vectors  were  evaluated  in  vivo  for 
SSTr2  and  CD  expression  in  prostate  cancer  xenografts. 

BODY 

Cellular  Cox-2  mRNA  status  and  promoter  activity  was  determined  in  LNCap,  DU145,  and  PCS 
human  prostate  cancer  cells  using  Ad  vectors  expressing  luciferase.  DU145  and  PCS  cells  expressed  Cox- 
2  mRNA  and  their  Cox-2L  promoter  activity  was  70%  and  100%  of  CMV  promoter  activity  (Figure  1). 

Seven  vectors  expressing  CD  and/or  SSTr2  were  developed  and  evaluated  using  the  prostate  cancer 
ceU  lines  DU145  and  PCS:  AdCox-2LCDCox-2LSSTr2,  AdCox-2LSSTr2Cox-2LCD,  AdRGDCox- 
2LCDCox-2LSSTr2,  AdCMVCDCMVSSTr2,  AdCMVCD,  AdRGDCMVCD,  and 
AdRGDCMVCDCMVSSTr2.  Somatostatin  binding  and  internalization  assays  were  performed  by 
incubating  infected  cells  with  ^’"Tc-P2045,  a  peptide  specific  for  SSTr2,  and  gamma  camera  imaging  of 
cells  in  plates  5  min  after  addition  of  peptide  and  20  min  later  after  removing  the  excess  peptide  and 
stripping  the  peptide  bound  to  SSTr2  on  the  cell  surface.*’^  As  shown  in  Figure  2,  DU145  prostate  cancer 
cells  infected  with  AdCMVSSTr2,  AdCox-2LCDCox-2LSSTr2,  or  AdCox-2LSSTr2Cox-2LCD  showed 
binding  and  internalization  of  ^"’Tc-P2045,  demonstrating  that  the  vectors  all  induced  SSTr2  expression, 
although  the  Cox-2L  vectors  produced  less  SSTr2  expression  than  the  CMV  vector.  In  addition,  AdCox- 
2LSSTr2Cox-2LCD  produced  more  SSTr2  expression  than  AdCox-2LCDCox-2LSSTr2. 

Athymic  nude  mice  bearing  DU145  prostate  cancer  xenografts  were  injected  intratumorally  with 
AdCMVSSTr2  or  AdCox-2LSSTr2  followed  2  d^s  later  by  i.v.  injection  of  ®’"'Tc-P2045.  As  shown  in 
Figures  3  and  4,  there  was  less  accumulation  of  *“Tc-P2045  in  tumors  injected  with  AdCox-2LSSTr2 
compared  to  AdCMVSSTr2.  Scatchard  analysis  demonstrated  higher  SSTr2  expression  in  DU145  and 
PCS  cells  infected  with  the  RGD  modified  AdRGDCMVCDCMVSSTr2  than  following  infection  with 
AdCMVCDCMVSSTr2  or  AdCMVSSTr2  (Figure  5  and  Table  1).  These  results  indicate  that  the  Cox-2 
vectors  produced  less  SSTr2  expression  than  the  CMV  vector  both  in  vitro  and  in  vivo,  and  indicate  the 
importance  of  producing  RGD  modified  Cox-2  vectors. 

Table  1.  Binding  of  '^^I-somatostatin  to  human  prostate  cancer  cell  lines  48  h 


after  infection  with  100  MOI  of  each  virus. 

DU145 

PC3 

1> 

^max 

fmol/;tg 

r» 

AdCMVSSTr2 

364913 

4.4 

125852 

1.5 

AdCMVCDCMVSSTr2 

238182 

2.7 

93592 

1.1 

AdRGDCMVCDCMVSSTr2 

501701 

5.6 

276868 

3.1 

CD  conversion  assays  were  performed  with  lysates  from  infected  cells  with  the  addition  of  ^H-5- 
fluorocytosine  (5-FC)  at  various  time  points,  and  separation  on  thin  layer  chromatography  plates  in  butanol 
and  water Spots  containing  5-FC  and  5-fluorouracil  (5-FU)  were  cut  out,  put  into  scintillation  fluid,  and 
counted  in  a  liquid  scintillation  counter.  Cytotoxicity  assays  were  performed  using  the  MTS  assay 
(Promega)  as  described  in  the  manufacturer’s  protocol.  CD  expression  in  tumor  xenografts  was  detected 
by  immunohistochemistry.  CD  conversion  assays  were  also  performed  with  lysates  from  prostate  cancer 
xenografts.  Tumors  were  homogenized  and  lysed,  and  CD  conversion  assays  performed  as  described  for 
cellular  lysates. 
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The  vectors  expressing  CD  and  SSTr2  were  next  tested  to  determine  their  conversion  of  5-FC  to  5- 
FU  following  infection  of  DU145  and  PCS  human  prostate  cancer  cell  lines.  The  results  are  presented  in 
Table  2?  They  indicate  that  AdCox-2LCD,  AdCox-2LCDCox-2LSSTr2,  and  AdCox-2LSSTr2Cox- 
2LCD  produced  a  lower  level  of  conversion  of  5-FC  to  5-FU  in  DU145  and  PCS  cells  than  AdCMVCD 
and  AdCMVCDCMVSSTr2.  Furthermore,  AdRGDCMVCD  produced  a  level  of  conversion  that  was 
significantly  greater  than  AdCMVCD.  The  highest  level  of  CD  expression  in  DU145  tumor  xenografts 
occurred  following  infection  with  AdCMVCD  as  compared  to  AdCox-2LCDCox-2LSSTr2  or  AdCox- 
2LSSTr2Cox-2LCD  (Figure  6).  In  addition,  the  Cox-2L  CD  and  SSTr2  vectors  produced  a  lower  level  of 
5-FC  to  5-FU  conversion  as  compared  to  AdCMVCD  (Figure  7).  These  results  support  earlier  ones  that 
the  CMV  promoter  is  stronger  than  the  Cox-2  promoter,  although  less  specific.  Moreover,  the  ROD 
modified  CMV  viruses  produced  the  highest  level  of  conversion,  whereas  the  ROD  modified  Cox-2L 
viruses  (AdRGDCox-2LCD  and  AdRGDCox-2LCDCox-2LSSTr2)  did  not  produce  CD,  suggesting  a 
problem  in  their  design. 


Table  2.  Conversion  of  5-FC  to  5-FU  in  pmol/min/mg  measured  over  a  1  h  period  at  48  h  after  infection  of 
DU145  and  PC3  human  prostate  cancer  cell  lines  with  100  MOI  of  each  virus. 

Vector 

DU145 

PC3 

(pmol/min/mg) 

(pmol/min/mg) 

Uninfected 

-0.01 

0.00 

AdCMVCD 

25.6 

8.1 

AdCMVSSTr2 

0.04 

-0.02 

AdCMVCDCMVSSTr2 

7.5 

2.5 

AdCox-2LCD 

2.1 

1.0 

AdCox-2LCDCox-2LSSTr2 

3.0 

1.2 

AdCox-2LSSTr2Cox-2LCD 

2.5 

0.9 

AdRGDCMVCD 

150.4 

194.0 

AdRGDCMVCDCMVSSTr2 

38.5 

35.6 

AdRGDCox-2LCD 

1.1 

0.5 

AdRGDCox-2LCDCox-2LSSTr2 

0.1 

0.04 

In  the  next  set  of  studies,  we  evaluated  the  cytotoxicity  of  the  various  vectors  after  infection  of 
DU145  cells  with  10  MOI  (plaque  forming  units/cell)  of  virus.  The  5-FC  IC50  values  are  shown  in  Table 
3  The  results  indicate  that  AdCox-2LCDCox-2LSSTr2  produced  equivalent  cytotoxicity  compared  to 
AdCMVCD,  whereas  AdCMVCDCMVSSTr2,  AdRGDCMVCD,  and  AdRGDCMVCDCMVSSTr2 
produced  the  greatest  degree  of  cytotoxicity.  The  level  of  cytotoxicity  was  lowest  in  the  AdRGDCox- 
2LCD  and  AdRGDCox-2LCDCox-2LSSTR2  infected  cells.  These  results  are  consistent  with  the 
conversion  results  shown  in  Table  2,  and  again  suggest  a  problem  with  the  RGDCox-2L  vectors  developed 
to  date. 


Table  3.  Cytotoxicity  of  Ad  infected  DU145  human  prostate 
cancer  cells  (10  MOI)  exposed  to  5-FC  expressed  as  IC,n  (nM). 

Vector 

DU145 

Uninfected 

165.9 

AdCMVCD 

31.0 

AdCMVCDCMVSSTr2 

3.4 

AdRGDCMVCD 

2.2 

AdCox-2LCDCox-2LSSTr2 

30.4 

AdRGDCox-2LCD 

114.9 

AdRGDCMVCDCMVSSTr2 

0.9 

AdRGDCox-2LCDCox-2LSSTr2 

128.1 

In  the  coming  year,  we  will  continue  our  efforts  to  produce  RGD  modified  Cox-2L  CD  and  SSTr2 
two-gene  vectors  in  a  new  vector  backbone  to  achieve  the  highest  levels  of  tumor  SSTr2  and  CD  expression 
in  local  and  metastatic  in  vivo  prostate  cancer  tumor  models  after  intratumoral  or  intravenous  delivery  of  the 
vector.  The  transduction  of  the  tumor  nodules  will  be  evaluated  by  radiolabeled  peptide  uptake  in  the  tumor 
and  other  normal  tissues.  We  will  also  evaluate  therapeutic  efficacy  using  the  newly  derived  vectors  in 
combination  with  5-FC  and  radiation  therapy. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

•  Validated  the  expression  of  SSTr2  and  CD  in  tumor  cells  and  xenografts  after  infection  with  Ad  vectors 
expressing  SSTr2  and  CD  under  control  of  Cox-2L  promoter. 

•  Determined  the  conversion  of  5-FC  to  5-FU  in  prostate  cancer  cells  and  tumor  xenografts. 

•  Demonstrated  cytotoxicity  of  prostate  cancer  cells  infected  with  Ad  vectors  under  control  of  Cox-2L 
promoter  expressing  CD  and  exposed  to  5-FC. 

•  Demonstrated  localization  of  ®^"Tc-P2045  which  binds  to  SSTr2  in  tumor  xenografts  infected  with 
SSTr2  expressing  Ad  vectors 

REPORTABLE  OUTCOMES 

Developed  new  Ad  vectors  expressing  both  SSTr2  and  CD  under  control  of  CMV  and  Cox-2L 
promoters. 

CONCLUSIONS 

In  conclusion,  the  combination  of  the  therapeutic  genes  CD  and  SSTr2  with  the  Cox-2L  promoter 
should  provide  specificity  for  tumor  uptake  of  radiolabeled  peptides  that  bind  to  SSTr2  and  selective  5-FC 
molecular  chemotherapy.  Once  the  ROD  modified  vectors  are  developed  and  tested  in  vitro,  they  will  be 

evaluated  in  local  and  metastatic  prostate  cancer  models  in  the  next  project  period. 

ABBREVIATIONS 

Ad  adenoviral 

CD  cytosine  deaminase 

Cox-2  cyclooxygenase-2 

CMV  cytomegalovirus 

5-FC  5-fluorocytosine 

5-FU  5-fluorouracil 

SSTr2  somatostatin  receptor  subtype  2 
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Figure  1.  Cellular  Cox-2  mRNA  status  and  promoter  activity  in  prostate  cancer  cells. 
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of  cells  detected  by  gamma  camera  imaging. 


Figure  3.  Gamma  camera  images  of  mice  bearing  DU  145  prostate  cancer  xenografts  injected  intratumorally  with 
AdCMVSSTr2  or  AdCox-2LSSTr2  followed  2  days  later  by  i.v.  administration  of  ^™Tc-P2045. 
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Figure  4.  ^™Tc-P2045  localization  in  DU145  prostate  cancer  xenografts  injected  intratumorally  with  AdCMVSSTr2 
or  AdCox-2LSSTr2. 


CO 

i  ^ 

O  CO 
Q  > 
O  2 


Q 

0) 

■D 

O 

SP 

CD 

> 

> 

ts 

3. 

o 

o 

•o 

■D 

c 

< 

< 

=3 

H 

CO 

CO 

> 

<£! 

H 

CO 

o 

CO 

Q 

> 

o 

> 

o 

H 

D 

co 

•a 

o 

O 

SP 

o 

Q 

> 

> 

ts 

CD 

o 

OC 

o 

o 

•D 

■Q 

"O 

'c 

< 

< 

< 

■ 

M 

► 

♦ 

uido 


with  ^^^I-somatostatin. 


AdCMVCD  AdCox-2LCDCox-2LSSTr2 


Figure  6.  Expression  of  CD  in  DU145  prostate  cancer  xenografts  after  infection  with  several  Ad  vectors. 
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Figure  7.  Conversion  of  5-FC  to  5-FU  in  homogenized  DU145  tumor  xenografts  48  h  after  intratumoral 
injection  of  1x10^  pfu  AdCMVCD,  AdCox-2LCDCox-2LSSTr2,  or  AdCox-2LSSTr2Cox-2LCD. 


